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Introduction ϯϳ
During the single-support (SS) phase of unimpaired gait, the center of mass (COM) ϯϴ follows a path similar to the motion of an inverted pendulum (Donelan et al., 2002b) . During the ϯϵ step-to-step transition, mechanical work is required to redirect the COM velocity vector between ϰϬ the pendulum arcs of each limb (Donelan et al., 2002b; Soo and Donelan, 2012) . Redirection ϰϭ comes from the net combination of: (1) positive work produced during the trailing limb's double-ϰϮ support (DST) phase and (2) negative work produced during the leading limb's double-support ϰϯ (DSL) phase (Donelan et al., 2002b; Soo and Donelan, 2012) . Minimizing total mechanical ϰϰ work is desirable to minimize metabolic cost (Donelan et al., 2002a; Kuo et al., 2005) , and can ϰϱ occur when the timing and magnitude of the leading limb's negative work is equal to the trailing ϰϲ limb's positive work (Ellis et al., 2013; Kuo et al., 2005; Soo and Donelan, 2012) . However, ϰϳ even when this occurs, both experimental and simulation studies indicate that the step-to-step ϰϴ transition requires a substantial amount of metabolic energy relative to the total requirements of a ϰϵ stride (Donelan et al., 2002a; Kuo et al., 2005; Umberger, 2010) .
ϱϬ
Divergence from metabolic optimization has been shown to arise from inter-limb ϱϭ mechanical asymmetries during step-to-step transitions in both healthy (Ellis et al., 2013; Soo ϱϮ and Donelan, 2012) and clinical (Bonnet et al., 2014; Doets et al., 2009; Feng et al., 2014;  ϱϯ Houdijk et al., 2009) populations. For example, imposing temporal asymmetry on otherwise ϱϰ healthy gait leads to highly asymmetric step-to-step transition mechanics and increases metabolic ϱϱ cost up to 80% (Ellis et al., 2013) . Similarly, the affected limb of individuals following ϱϲ unilateral transtibial amputation (Houdijk et al., 2009) or total ankle arthroplasty (Doets et al., ϱϳ 2009) exhibited less positive work production during DST and the unaffected limb exhibited ϱϴ greater negative work production during DSL. In these studies, impaired positive work ϱϵ ϰ production during DST is suggested to necessitate greater negative work production from the ϲϬ leading limb to redirect the COM and greater positive work production during SS; all ϲϭ compensations that lead to higher metabolic demand (Doets et al., 2009; Houdijk et al., 2009; ϲϮ Soo and Donelan, 2012) . forces were normalized to body mass, and the peak vertical handrail force was selected for each ϭϲϭ stride. The mean of these peak forces was then calculated over all strides for each subject. 
Results

ϭϳϵ
The mean treadmill speed of all individuals was slower than the mean self-selected ϭϴϬ overground gait speed (p=0.004) ( Table 1 ).
Step length asymmetry was not different between ϭϴϭ the high and low groups (p=0.648; see Table 1 ); within these groups respectively, 7 (of 13), and ϭϴϮ 9 (of 13) had longer paretic (compared to non-paretic) step lengths. There was a significant ϭϴϯ correlation between the paretic limb's step length and peak negative P inst during DSL (r=-0.446, ϭϴϰ p=0.026), but no relationship for the non-paretic limb (r=0.047, p=0.822). There was no ϭϴϱ relationship between step length and P avgNET during DSL for the paretic (r=-0.367, p=0.071) or ϭϴϲ non-paretic limbs (r=0.331, p=0.107). Pp was significantly greater (p=0.050) in the high ϭϴϳ compared to the low group. Peak vertical handrail forces from the non-paretic upper extremity ϭϴϴ were significantly lower (p<0.001) in the high group compared to the low group. ϭϴϵ For all measures of power (P inst during DSL and DST, P avgNET during DSL, DST, SS and ϭϵϬ over a stride), there was a significant difference between paretic and non-paretic limb, no ϭϵϭ difference between speed-based groups, and no interaction effect between limb and speed-based ϭϵϮ groups (Table 2, Figures 1-2) . The paretic limb produced significantly less positive peak P inst and ϭϵϯ P avgNET during DST, the non-paretic limb produced significantly less negative peak P inst and ϭϵϰ P avgNET during DSL, and the non-paretic limb produced significantly greater positive P avgNET ϭϵϱ ϭϬ during SS (each compared to the contralateral limb). The paretic limb produced significantly ϭϵϲ less positive P avgNET over a stride compared to the non-paretic limb. 
Individual Limb Mechanical Power
ϮϬϳ
Over a complete stride, we observed that P avgNET was positive for the non-paretic limb ϮϬϴ and negative for the paretic limb for both speed-based groups. Within the gait cycle, our data ϮϬϵ revealed less positive external mechanical power production during paretic DST, less negative ϮϭϬ external mechanical power production during non-paretic DSL, and more positive external Ϯϭϭ mechanical power production during non-paretic SS (each compared to the contralateral limb).
ϮϭϮ
Evaluation of these sub-phases of gait provides enhanced understanding of how limb kinetic Ϯϭϯ compensations are made during gait following stroke.
Ϯϭϰ
For example, the DST phase corresponds with push-off at the end of stance; a frequently throughout the stride, however we felt it best to retain the use of both during testing to replicate ϯϬϯ normal every-day gait as closely as possible. The effect of AFO use is difficult to quantify in our ϯϬϰ data, however we were able to quantify handrail use in the vertical direction. Our handrail-ϯϬϱ mounted transducers indicated small vertical handrail support forces (all subjects: 7.5 ±5.6 % ϯϬϲ BW). Based on the low magnitude of observed vertical handrail forces, we expect that the ϯϬϳ unmeasured anterior-posterior handrail forces were also small. We note, however, that handrail ϯϬϴ forces do have the potential to cause an error in COM velocity calculations based on ground ϯϬϵ ϭϱ reaction force data alone. For example, an individual exerting large anterior-posterior handrail ϯϭϬ forces could reduce the need for the non-paretic limb to compensate during DSL. We recognize ϯϭϭ this as a limitation to our study, however, the use of upper-limb support also replicates normal ϯϭϮ every-day gait as closely as possible (i.e. the use of cane/walker).
ϯϭϯ Individuals post-stroke, exhibit a number of movement patterns, such as hip hiking, stiff-ϯϭϰ knee gait, and drop foot (De Quervain et al., 1996; Mulroy et al., 2003) , which may be more 
